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In recent years, there have been a number of calculations of atomic 1-4 quadrupole transition moments.
The corresponding experimental work is however extremely rare.
3
Bogaard and Orr have proposed measuring the quadrupole moments by observing the field-induced birefringence of an atomic vapor in a strong electric field gradient, but concluded the effeet is much too small to allow a decent signal-to-noise ratio. Lambro-5 poulous et al.
have reported the observation of a multiphoton ionization process involving a quadrupole transition. By comparing the ionization rate of the (3s -+ 3p -+ 4f -+ continuum) process \vith that of the (3s -+ 3p
~~ 4d -+ continuum) process~ they were able to deduce the 3p -+ 4f quadrupole moment. The accuracy 0 however,depends critically on the dipole matrix e.lements of 3p -+ 4d, 4d -+ continuum, and 4f -+ continuum.
In this letter, we propose and demonstrate a new nonlinear optical technique to measure quadrupole transition moments relative to the known dipole matrix elements.
> 6
TI1e technique is based on the interference between quadrupole and dcfield-induced7 sum-frequency generation. It gives not only the magnitude but also the sign of the quadrupole matrix elements and has an inherently high accuracy. As a preliminary example, we have measured 3s -+ 4d quadrupole moment of sodium.
The idea is simple. 
The sum-frequency f,ield E 3
) is now directly proportional to [ i P:
P~1 (w 3 )). Thus, if
-+ E 2 is circularly polarized so
the output E 3 (w 3 ) will vanish then the y component of
If E 2 is linearly polarized in the x -z plane, then the output E 3 becomes circularly polarized when (6) In either case, from the measured value of E 0 , we can deduce the ratio (HQ) /(M ) including the sign. zz ~l) zz
We have conducted an experiment to verify the above theoretical prediction. Our experimental setup was the same as the one described in Ref. 6 ex.cept that a pair of 1. 8 em. 17649 em . We operated the heat pipe at a vapor pressure of 1 torr. In order to avoid heavy ionization of Na by resonant three photon ionization processes,we limited the peak laser power at w 1 to ~ 10 watts and that at w 2 to -100 watts. At these power levels, ionization of Na was less than 1% as judged from the induced current between -+ -+ the two electrodes. However, with the angle between k 1 and k 2 adjusted to phase matching for sum-frequency generation (8 1 ~ 8 2 = 13 mrad), the output signal at E 0 = 0 still had a peak power of -1 mW and could easily be detected. 
1, the output should be circularly polarized. We found experimentally that this was indeed the case. In the absence of a uv circular polarizer, we did not analyze the handedness of the circular polarization. Using Eq. (7) . to fit the data points in Fig. 2 We have proposed here a new technique for measuring both the magnitude and the sign of atomic quadrupole transition moments relative to the dipole matrix elements. The technique is inherently very accurate.
In the present work, it is limited by the pulsed laser power fluctuations.
However, since the sum-frequency signal is far above noise, it is possible that stable CW dye lasers can be used for such measurements. The accuracy of the measurements can then be greatly improved.
This work is supported by the U. S. Energy Research and Development Agency. along ~ and y respectively. The solid curve is a theoretical curve obtained from Eq. (7) to fit the data points. 
